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Beyond-Use Dating of Extemporaneously
Compounded Ketamine, Acepromazine, and
Xylazine: Safety, Stability, and Efficacy over Time

Brett] Taylor,* Steven A Orr, Jennifer L Chapman, and Diana E Fisher

Ketamine—acepromazine-xylazine (KAX) has long been a popular combination of injectable anesthetics for use in laboratory
rodents. These drugs are compounded extemporaneously at research facilities because a commercial mixture is not available.
This study was designed to determine an appropriate period of use for this mixture by examining its safety, stability, and
efficacy at 30-d intervals over an aging period of 270 d. For as long as 270 d after compounding, most of the data collected
(chemical stability, sterility, pH, particulate formation, times to loss of righting reflex in injected mice and rats, and histopathol-
ogy from these animals) supported the finding that the component drugs do not change or degrade. However, mice and rats
did show significant differences in anesthetic responses after injection with KAX mixtures of different ages. In light of these
findings, we suggest that KAX remains safe, stable, and efficacious for at least 180 d after mixing, and that 180 d constitutes
an appropriate period of use for this drug combination when stored in a dark, room-temperature environment.

Abbreviations: KAX, ketamine-acepromazine—xylazine; USP, United States Pharmacopeia.

The combination of ketamine, acepromazine, and xylazine
(KAX) is widely regarded as the agent of first choice for in-
jectable rodent anesthesia and has been used in both rabbits
and rodents in numerous published studies spanning many
years of research 2-467/111315-17,22-242627,30,37,40-45 Advantages
of this particular anesthetic combination include its reliable
dose-dependent loss of consciousness and muscle relaxation,
its preservation of spontaneous ventilation, its wide margin of
safety, and the physical compatibility of its component drugs.

A commercially produced combination of these drugs is not
currently available from any pharmaceutical company in the
United States. Research facilities that use KAX in rodents mix
the drugs according to professional experience or institutional
standard operating procedure, rather than according to specific
instructions by a commercial manufacturer or definitive litera-
ture on the topic. In the field of pharmacology, this is known
as extemporaneous compounding—the mixing of component
drugs to produce a suitable medication for a specific purpose
when no commercial forms are available.? Extemporaneously
compounded drugs are assigned a beyond-use date, rather
than an expiration date. The beyond-use date is defined as the
end of that period of time over which an extemporaneously
compounded drug has been shown to remain free of interac-
tions between its individual component drugs and free of
changes to its sterility and physical condition. The beyond-use
date of a compounded mixture never encompasses a longer
period of time than the expiration date of any of the component
drugs.”®

Through informal conversations with people from several
other research institutes in the United States, we learned of a
wide variety of beyond-use dating periods for KAX, ranging in
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length from 7 to 90 d. The variety in these time periods likely is
due to the lack of published findings concerning the decomposi-
tion and shelf life of this solution. For approximately a decade,
our institute has been assigning a beyond-use dating period of
90 d for this mixture (as long as the component drugs them-
selves do not expire before this time). At the time this study was
submitted for publication, there has been no reported increase
in the rate of adverse anesthetic effects and no reported loss of
clinical efficacy observed with KAX as it ages to approach this
90-d beyond-use date.

The United States Pharmacopeia (USP) states that the only
truly valid method of predicting a beyond-use date for a com-
pounded product is to perform an experimental stability study.®
Stability is defined as “the extent to which a product retains,
within specified limits, and throughout its period of storage and
use, the same properties and characteristics that it possessed at
the time of its manufacture.”* The USP recognizes 5 key aspects
of this definition that also encompass safety and efficacy. That
is, each active ingredient retains its chemical integrity and la-
beled potency, within the limits specified by its USP monograph
(chemical stability); its original physical properties, including
appearance, palatability, uniformity, dissolution, and suspend-
ability (physical stability); its sterility or resistance to microbial
growth, according to the specified requirements (microbiologic
stability); and its therapeutic (in this case, anesthetic) effect
(therapeutic stability); and it exhibits no significant increase in
toxicity (toxicologic stability).>

From previous experience with this drug solution at up to 90
d of age, coupled with a high-pressure liquid chromatography
pilot study, we hypothesized that KAX has an appropriate
beyond-use dating period of at least 180 d. This study was de-
signed in 5 distinct sections, to examine these aspects of safety,
stability, and efficacy in KAX over time.
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Materials and Methods

Animals and housing. Research was conducted in compli-
ance with the Animal Welfare Act and other federal statutes
and regulations relating to animals and experiments involving
animals and adheres to principles stated in the Guide for the Care
and Use of Laboratory Animals.'8 The facility where this research
was conducted is fully AAALAC-accredited. The Institutional
Animal Care and Use Committee of the United States Army
Medical Research Institute of Infectious Disease approved all
procedures.

BALB/c mice were obtained from the National Cancer
Institute (Fort Detrick, MD), and Brown Norway rats were
obtained from Charles River (Kingston, NY). Animals of both
species were 4-wk-old, all were male, and all were acclimated
for 7 d before use in experiments. On arrival, the animals were
free of viral, bacterial, and parasitic diseases, and their health
was monitored over the course of these experiments under the
institutional animal health surveillance program. Mice were
housed in filter-topped polysulfone rodent cages, and rats were
housed in a HEPA-filtered ventilated rack system, with 55 to 60
air changes per hour. Tap water was provided through sipper
bottles to the mouse pans and through the automatic watering
system to the ventilated racks containing the rats. All animals
received a standard pelleted rodent diet (7022, Harlan Labora-
tories, Indianapolis, IN) and were housed on absorbent bedding
material (Alpha-Dri, Shepherd Specialty Papers, Portage, MI).
The light cycle was maintained at 12 h light and 12 h dark, the
room temperature was kept at 23.3 £2.2 °C (72 + 4 °F), and the
room humidity was kept within the range of 30% to 70%.

Preparation and aging conditions of KAX solution. The com-
ponents for each KAX solution were mixed from the original
commercially manufactured drug bottles according to the
established standard operating procedure at our institute. In
accordance with this procedure, KAX is prepared at 2 concen-
trations, a full-strength version for use in rats and hamsters
(called ‘rat KAX’), and a 1:10 saline-diluted version for use in
mice (called ‘mouse KAX").

Rat KAX. To prepare this solution, 5.0 mL ketamine (100 mg/
mL; Fort Dodge Animal Health, Fort Dodge, IA) was drawn into
a 5-mL syringe by using a 22-gauge needle and then injected
through the rubber top into a clear, glass, additive-free 10-mL
blood collection tube (Monoject ‘red-top tube’, Tyco Health-
care, Mansfield, MA). Then 0.5 mL acepromazine (10 mg/mL;
Phoenix Pharmaceuticals, St Joseph, MO) was drawn into a
1-mL syringe by using a 22-gauge needle and injected into the
same glass tube. Finally 2.75 mL xylazine (20 mg/mL; Lloyd
Laboratories, Shenandoah, IA) was drawn into a 3-mL syringe
by using a 22-gauge needle and injected into the same glass tube.
This glass tube was labeled ‘rat KAX” and inverted several times
to ensure thorough mixture of the contents. At this point, the
tube contained a calculated total volume of 8.25 mL.

Mouse KAX. To prepare this solution, 1.0 mL rat KAX was
withdrawn from its tube into a 1-mL syringe with a 22-gauge
needle and transferred into a new clear, additive-free, glass
blood collection tube from the same manufacturer (Tyco Health-
care) and of the same production lot. Then 9.0 mL 0.9% sterile
saline (Baxter, Deerfield, IL) was drawn into a 10-mL syringe
by using an 18-gauge needle and injected into this same new
glass tube. This tube was labeled ‘mouse KAX’ and inverted
several times to ensure thorough mixture of the contents. This
tube contained a total volume of 10 mL; the final calculated
volume of the rat KAX tube (after the removal of 1.0 mL) was
7.25 mL.

Beyond-use dating of extemporaneously compounded KAX

The rubber stoppers on each bottle were wiped once with an
alcohol swab before needle puncture. Rubber stoppers on KAX
tubes also were wiped only once, although they were punctured
with multiple needles during the process of compounding as
described above. In keeping with institutional standard oper-
ating procedures, no additional efforts were made to achieve
pharmaceutical-grade aseptic technique (for example, laminar
flow hoods, clean rooms certified by the International Organiza-
tion for Standardization, sterile protective garments).

By calculation, rat KAX mixed by these procedures contained
ketamine at 60.6 mg/mL, acepromazine at 0.6 mg/mL, and
xylazine at 6.67 mg/mL, whereas the concentrations of these
same drugs in mouse KAX were diluted 1:10 to 6.06, 0.06, and
0.667 mg/mL, respectively. The final dose per kilogram of body
weight was the same in both species (60.6, 0.6, and 6.67 mg/
kg, respectively), but the difference in concentration meant that
mice received a 10-fold larger injection volume per kilogram of
body weight than did the rats. This practice is convenient for
more accurate dosing in these smaller animals.

Because these tubes contained ketamine, a Schedule III
drug, they were stored inside a locked safe within the phar-
macy at all times. A digital temperature and humidity recorder
(Traceable, Control Company, Friendswood, TX) was placed
adjacent to these tubes on the same shelf, and the minimum
and maximum temperatures and humidity levels within the
safe were monitored at 30-d intervals throughout the course
of the study. The safe was not internally illuminated, therefore
the only light source to which these KAX tubes were exposed
was the fluorescent room lighting and then only during those
brief periods when the safe door was opened for the routine
business of the pharmacy.

Over a 270-d aging period, 2 KAX tubes (a 7.25-mL tube of
rat KAX and a 10-mL tube of mouse KAX) were prepared at
30-d intervals, resulting in a total of 20 tubes of KAX: 1 for each
concentration (rat and mouse) at each of 10 different ages (270,
240, 210, 180, 150, 120, 90, 60, 30, and 0 d) at the end of this ag-
ing process, The stability experiments described in the sections
below were conducted on day 270, scheduled to coincide with
the end of this timed aging process.

Chemical stability. The 20 test KAX solutions were analyzed
by high-pressure liquid chromatography (model 1100, Agilent,
Santa Clara, CA) with a diode array detector at a wavelength of
254 nm. The analyses were run over a reverse-phase C18 column
stationary phase. The 2-part mobile phase consisted of (a) 25
mM phosphate buffer with 1% triethyl amine at pH 3.0 and (b)
acetonitrile. The procedure was conducted at a linear gradient
of 20% to 50% acetonitrile over 15 min.

In addition to ketamine, acepromazine, and xylazine, the KAX
absorbance chromatogram demonstrated another peak at elu-
tion time 7.8 min (Figure 1). This compound was methylparaben,
an antimicrobial preservative present in xylazine manufactured
by Lloyd Laboratories. Because its presence is relevant to both
the chemical and microbiologic stability of the compounded
product, it was included in the analysis as well. Each of these 4
major KAX components exhibited highly reproducible elution
times (relative standard deviations < 1.5%).

A 6-point standard concentration curve of 50%, 70%, 85%,
100%, 125%, and 150% of the expected concentration was con-
structed for each drug component. Equations (y = mx + b) of
chromatographic peak area versus drug concentration were de-
termined to be both linear (with R? values greater than 0.99) and
reproducible (with relative standard deviations of less than 0.5%
for triplicate samples of each drug). These line equations then
were used to calculate the concentrations of each component.
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Figure 1. KAX Chromatogram generated from a sample of mouse
KAX mixed immediately before analysis, demonstrating well-resolved
peaks that are sufficiently separated from each other for identification
and measurement.

Rat KAX was diluted 1:10 immediately before HPLC analysis
so as to not overload the detector. This practice allowed the
same concentration curves to be used for both mouse KAX and
rat KAX. The concentrations of components measured in the
rat KAX were multiplied by 10 after analysis, to calculate their
concentrations in the original sample.

Therapeutic (anesthetic) stability. Of the 20 mixtures, 6 (the
rat and mouse concentrations aged for 0, 180, and 270 d) were
selected for evaluation of their efficacy and clinical safety in rats
and mice. The 3 rat KAX solutions were tested in 3 groups of 10
rats, and the 3 mouse KAX solutions were tested in 3 groups of
10 mice. In addition, 3 mice and 6 rats were assigned to control
groups and received injections containing 0.9% sterile saline at
the same time and in the same volume per body weight as the
KAX study animals. These animals served as controls only for
the histopathologic evaluation of the animals after necropsy.

Each mouse and rat was weighed individually immediately
before dosing. Two injections were given, 3 d apart, and their
responses to the anesthetic were evaluated on both occasions.
The first injection was given intramuscularly into the left caudal
thigh, and the second injection (3 d later, from the same tube of
KAX solution) was given intraperitoneally into the right side
of the abdomen, with the animal restrained in the Trendelen-
berg position. The interval of 3 d between these injections was
chosen in to simulate other recent research protocols at this
institute that have used KAX anesthesia, and the use of the 2
different administration routes allowed for the comparison of
effects between them. All injections were given by using 1-mL
tuberculin syringes and 25-gauge, 5/8-in. needles.

The evaluation of anesthetic efficacy relied on 2 observa-
tions: time until loss of righting reflex (defined as the cessation
of purposeful righting motions upon placement into dorsal or
lateral recumbency) and a combined response score that was
measured at 5-min intervals. The combined response score con-
sisted of the sum of 3 individual response measurements: the
corneal drop response, abdominal flinch response, and hindlimb
withdrawal response. These individual response measurements
were adapted from those in previous publications.>*1234

Hindlimb withdrawal response was evaluated as the strength
and speed of withdrawal response to a mosquito hemostat
closed on the interdigital webbing of the animal’s rear feet.
Corneal drop response was evaluated as the strength and speed
of blinking or flinching in response to a single droplet of 0.9%

saline from a syringe onto the animal’s cornea. Abdominal flinch
response was evaluated as the strength and speed of flinch or
avoidance effort in response to a #11 scalpel blade gently pushed
into the skin over the animal’s ventral abdomen, without pen-
etrating the outer layer of skin.

Each of these individual responses was scored on a scale of
0 to 2 (where 0 indicated the absence of a response, 1 indicated
an intermediate response in terms of time or magnitude, and 2
indicated a normal response such as that observed in an awake
animal). To obtain the combined response score for an animal,
the 3 individual scores for each time point were added together
to produce a combined score with a possible range of 0 to 6. This
testing was done at 5-min intervals until the animal regained
its righting reflex.

Toxicologic stability. Pathology was used to evaluate potential
KAX-induced morphologic changes in target organs. A necropsy
was performed on all animals after euthanasia 4 d after the
second anesthetic event; the following tissues were collected:
skull (to include brain, eyes, nasal cavity, and sinuses); liver;
spleen; kidneys; and skeletal muscle from the left rear leg (site
of intramuscular injection). Formalin-fixed tissues for histologic
examination were trimmed, processed, and embedded in par-
affin according to established protocols.?® Histology sections
were cut at 5 to 6 pm, mounted on glass slides, and stained with
hematoxylin and eosin. The pathologist reviewed the slides
without knowledge of the specific experimental groups but was
aware of the animals in the saline control groups.

Microbiologic stability. The sterility of each tube of KAX was
assessed by drawing 0.5 mL of its contents into fluid thiogly-
collate medium, incubating it at 32.5 + 2.5 °C for 9 d, and then
evaluating for the presence of microbial growth. This test was
performed for all 20 KAX samples.

Physical stability. The pH of each sample was measured with
a Corning 440 pH-meter (Corning Incorporated, Corning, New
York, NY), calibrated at pH 4.0 and pH 10.0. During this process,
the tubes were compared subjectively for color changes.

The final experiment was to look for the formation of crystals,
sedimentation products, or other particulate debris within the
compounded drugs. All 20 KAX samples were centrifuged in
their tubes at approximately 2400 x g for 5 min. The rubber tops
were removed, and a sample of approximately 0.01 mL was
aspirated from the bottom of the tube into a tuberculin syringe.
This syringe was emptied onto a glass slide with coverslip and
examined under a light microscope with a 40x objective.

Statistical Analysis. All data were checked for normality
and statistical analyses were performed by using SAS version
9.1 (SAS Institute, Cary, IL). If data were normally distributed,
1-way ANOVA and t tests were used. If data were not normally
distributed, Kruskal-Wallis or Mann-Whitney U tests were
used.

Results

KAX solutions and test animals. The temperature and humidity
within the pharmacy safe, as recorded by the monitor, remained
within the ranges of 20 to 26 °C and 27% to 57%, respectively,
over the entire duration of this study. This information rep-
resents the temperature and humidity exposure of the KAX
samples as well, as they were stored in close proximity to this
monitor at all times (except when quantities were being drawn
up for testing purposes).

Immediately before the start of the study, 2 rats were removed
from the group assigned to receive the 270-d-old KAX because of
unthriftiness of unknown cause. Subsequent necropsy of these
animals was able to determine no specific lesions. In addition, 1
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mouse was removed from the group assigned to receive 0-d-old
KAX due to an accidental wastage of that animal’s test drug. All
other study groups consisted of 10 animals each.

Chemical stability. Chromatograms were used to calculate
concentrations for the ketamine, acepromazine, xylazine, and
methylparaben in each KAX sample (Figure 2). The data in this
figure include an additional time point of 360 d, which was not
tested in any of the other sections of this study. This time point
actually represented a repeat testing of the 270-d drug samples,
performed 90 d later, and was added after we obtained the
results from testing at earlier time points.

Regression analysis was performed to determine the associa-
tion between age of solution and calculated concentration for
each chemical component. This analysis revealed a slight but
significant increase in ketamine concentration in mouse KAX
with age (slope = 0.00187, P = 0.0460). There were no other
significant differences over time in concentrations of the com-
ponent drugs in either the mouse KAX or the rat KAX.

Therapeutic (anesthetic) stability. Loss of righting reflex. Figure
3 illustrates the time elapsed from KAX injection to the loss of
righting reflex in each species and for each injection route. For
both rats and mice, ANOVA was used to detect differences be-
tween groups defined by the age of KAX solution they received,
for each of the 2 injection routes independently. In addition, post
hoc Tukey tests were performed to make pairwise comparisons
between groups within each sample. Although the difference
in time to loss of righting reflex between KAX at 0 d and 180
d when injected intramuscularly in mice closely approached
statistical significance (P = 0.0500), there were no significant
overall or pairwise differences determined between loss of

Beyond-use dating of extemporaneously compounded KAX

righting reflex times within either species, regardless of the age
of the KAX or the route of injection.

Combined response scores. The mean combined response
score was calculated for each group of study animals using data
collected at 5-min time points (Figure 4). Normality assump-
tions required for parametric methods were not met for these
combined response score data. Thus the nonparametric analog
of ANOVA, the Kruskal-Wallis test, was used to assess overall
group differences among the 3 groups at each time point. This
analysis was performed only for the time points up to 55 min,
because some animals in each group were recovering their
righting reflexes at that point.

Toxicologic stability. Postmortem examination was performed
on all animals. Gross lesions were not observed in either the
experimental or control groups. Histopathologic findings were
present only in the skeletal muscle of the left rear leg associated
with intramuscular injection in both the experimental (KAX)
and control (saline) groups. The lesions in the remaining tissues
examined were considered background changes or incidental
findings and were not interpreted to be associated with KAX
administration (data not shown).

Histologic findings associated with skeletal muscle in ex-
perimental animals included myositis and fasciitis; myocyte
degeneration, necrosis, and loss; myocyte regeneration; and
hemorrhage. The character of the inflammation in the skeletal
muscle of mice was granulomatous, with macrophages and
multinucleated giants cells, often with accompanying minerali-
zation (Figure 5). The nature of the inflammation in rats ranged
from lymphoplasmacytic and histiocytic to neutrophilic, with
no mineralization. In addition, rats frequently exhibited fibrosis
and granulation tissue associated with skeletal muscle lesions;
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Figure 2. Analysis of concentrations of KAX components over time. (A) Ketamine. (B)Acepromazine. (C) Xylazine. (D) Methylparaben.
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these changes were not found in mice. Minimal myositis and
myocyte regeneration were sporadically present in the skeletal
muscle associated with intramuscular injection of saline in
control animals (data not shown).

Fisher exact tests were used to determine whether there
was a statistically significant difference in the percentage of
subjects presenting with a specified histopathologic finding
among groups given KAX solutions aged 0, 180, or 270 d and
control subjects. In mice, there were no statistically significant
differences in the proportion of subjects exhibiting the afore-
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Figure 3. Time to loss of righting reflex in mice and rats after injection
of KAX. (A) Intramuscular injection. (B) Intraperitoneal injection.

mentioned findings. In rats, there were statistically significant
overall differences in the proportion of subjects with both
subacute, chronic myositis and fibrosis between the control
and study groups; however, there were no significant pairwise
differences between any 2 study groups.

Microbiologic stability. None of the 10 rat KAX samples or
the 10 mouse KAX samples displayed any bacterial or fungal
growth after 9 d of incubation.

Physical stability. Regression analysis determined no statisti-
cally significant association between the age of solution and pH
in KAX solutions at either concentration. The mean of the mouse
KAX pH measurements was 5.07 (1 standard deviation, 0.0132 pH
units), and the mean of the rat KAX pH measurements was 4.80
(1 standard deviation, 0.0126 pH units). No subjective color dif-
ferences were noted between KAX compounds of different ages.
After centrifugation of the glass tubes and subsequent examina-
tion by light microscopy, no crystals, sedimentation products, or
other particulate debris was found in any of the 20 samples.

Discussion

This study consisted of distinct and separate experiments,
each intended to evaluate the different aspects of safety, stability,
and efficacy in extemporaneously compounded KAX solutions
over time. This design constituted a thorough and well-rounded
assessment for this purpose, and the results of the various indi-
vidual experiments were consistent, with the exception of the
combined response scores. No significant differences were noted
among test groups in the chromatograms (to 360 d—longer than
we originally had considered testing samples), times to loss of
righting reflex, histopathologic findings, microbiologic stability,
pH, or formation of particulates.

We hypothesized that the test animals would be likely to
display more innate variability in response to the drugs than
the drugs themselves would display in response to any subtle
variations between compounding events. Therefore, in an ef-
fort to reduce the overall variability in the study as a whole,
the drugs were prepared at consecutive 30-d intervals and
the animals were used for testing all at once, rather than the
converse. Compounds from all age groups were administered
to the animals on the same day and at approximately the same
time, to avoid previously documented differences in ketamine
metabolism at different phases of the day.3! Similarly, the use
of all male animals avoided the documented difference in keta-
mine metabolism between the sexes.® Although this strategy
may have reduced the variability observed between the animal
groups receiving each compound, it did not eliminate it—as
evidenced by numerous significant differences noted in the
combined response scores (Figure 4). Fewer differences were
detected among the groups in both species when the KAX was
given intramuscularly as opposed to intraperitoneally. Aside
from this point, these differences display no identifiable pattern,
and no other coherent statements could be made addressing the
relative efficacy of 1 compound over another at any given com-
bination of time point, animal species, and injection route.

Anesthetic depth in laboratory rodents is difficult to objec-
tively measure without specialized monitoring equipment. In
the absence of access to such equipment, we designed a system
to score the animals’ responses to external stimuli. Two aspects
of this design were intended to minimize subjectivity: first,
a minimalistic scoring system was used, consisting of only 3
possible responses. With 0 defined as no response at all, and
2 defined as the degree of response observed in a fully awake
animal, a response of 1 was the only scoring option for any
intermediate response. Second, the stimulation used during
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Figure 4. Combined response scores in (A, C) mice and (B, D) rats after (A, B) intramuscular and (C, D) intraperitoneal injection of KAX. Time
points at which the difference among groups was statistically significant (P < 0.05) are indicated with a circle drawn beneath the X axis.

this experiment was as standardized as possible, with identical
equipment used to produce the stimuli in each group and with
training conducted for all scorers in advance. Ideally, a single
person might have scored all animals across all groups to elimi-
nate the possibility of observer bias on any 1 group; however,
the number of animals involved and the need to perform all
tests simultaneously precluded this possibility.

To evaluate potential KAX-induced morphologic changes,
target organs were chosen based on previous reports of lesions
induced by 1 or more of these drugs.!%143238 The only significant
lesions related to experimental manipulation were observed
histologically and were located in the skeletal muscle of the left
hindlimb, caused by intramuscular injection of KAX solution
in experimental animals. Lesions included skeletal muscle de-
generation, necrosis, and loss; myocyte regeneration, myositis,
or fasciitis; fibrosis; granulation tissue; and mineralization.
Similar lesions have been reported to occur in rats and other
laboratory animal species in association with intramuscular
injection of ketamine alone or ketamine in combination with
xylazine and acepromazine.3'%334% The low pH of ketamine has
been implicated in the development of these localized skeletal
muscle lesions.310 Lesions in the control animals were minimal
and consisted of myocyte regeneration or myositis, likely simply
due to the introduction of the needle or saline solution. As in
other studies, no lesions were present in the examined tissues in
association with intraperitoneal injection of KAX, presumably
due to the small volume administered and rapid absorption in
the abdominal cavity.®

The inflammatory response in the muscle tissue of mice was
primarily granulomatous, whereas the inflammation in rats was
subacute to chronic or chronic-active with no granulomatous
component. Although both species displayed features of chronic
inflammation, the difference in the specific type of chronic in-
flammation suggests that each species may have a distinctive
response to intramuscular injection. The granulomatous compo-
nent in mice suggests a foreign body reaction to the deposited
drug solution. These lesions also showed mineralization, which
may represent dystrophic mineralization as a result of direct
tissue injury and a subsequent foreign body inflammatory reac-

tion. Alternatively some physical variable, such as the difference
in volume of drug solution per kilogram of body weight (for
more accurate dosing, a larger volume was administered to
mice) may have caused the differences observed between the
2 species. Nonetheless, chronic inflammation is a predictable
finding after intramuscular injection of KAX in multiple species.

Consistency in the results from each section of this study
(with the exception of the anesthetic response scores) suggests
that KAX remains physically and chemically unchanged for
as long as 270 d. The anesthetic scores were the least objective
group of data gathered in this study. These evaluations were
included in anticipation of finding at least some degree of de-
composition and were intended to reveal the clinical efficacy
and toxicological effects of the compound at that particular level
of decomposition. Because all experiments were conducted
simultaneously, we could not predict the lack of decomposition
of this compound in advance.

Results of the 360-d HPLC time point indicate that KAX
may remain quite stable for even longer periods than 270 d.
No additional testing was conducted to pursue this possibility,
because there is no clear need at our institute to create this drug
compound in such large quantities that it would benefit from a
beyond-use date beyond 270 d. In addition, the longer the stor-
age of the combined preparation, the greater is the potential for
exposure to light and temperature outside the range experienced
in the course of this study.

A clear potential for variability in the compounding of
any liquid drug arises from the many volume measurements
that must be performed. This situation is likely to have been
responsible for the single outlier concentration at the 120-d
time point on the acepromazine chromatogram. Each time the
drugs in this study were mixed together into a tube or injected
into test animals, the volume measurements were performed
with a needle and syringe. Syringe sizes selected for these
measurements were appropriate for the desired volumes, but
there is some error inherent within these instruments. Recent
publications have demonstrated a startling lack of precision
in the use of 1-mL syringes, particularly at lower volumes
such as those injected into animals during this study (0.1 to
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Figure 5. Skeletal muscle, left rear leg (site of intramuscular KAX injection). (A) Rat FR4. There is a focally extensive area of inflammation and

e

fibrosis. Magnification, x40. (B) Rat FR4. Depicted is the inset region of (A). Myocytes are degenerate to necrotic and are separated, surrounded,
and replaced by fibroblasts and low numbers of lymphocytes and plasma cells (arrows). There is also myocyte regeneration. Magnification,
x100. (C) Mouse BM1. A focal area of inflammatory cells separates and replaces myocytes. Magnification, x100. (D) Mouse BM1. Depicted is a
higher magnification of (C). Granulomatous inflammation is composed of macrophages and multinucleated giant cells (blue arrows) with few
lymphocytes and plasma cells. Note foci of amorphous granular material (mineralization, yellow arrows). There is also myocyte regeneration

with central rowing of nuclei (black arrow). Magnification, x200. Hematoxylin and eosin stain; bar, 20 pm.

0.2 mL).21%2 Even for larger syringes, the International Or-
ganization for Standards has established allowable tolerances
of approximately 5% error in volume measurements.'” Every
dose of mouse KAX was exposed to this potential for error on
5 occasions—?3 times as each of the 3 component drugs were
drawn up and mixed into a tube at the rat KAX concentration,
a fourth time as 1.0 mL was drawn from this tube and diluted
into sterile saline, and then finally a fifth time as the final dose
was drawn up for administration. A quality control step, which
could be as simple as weighing the tubes on a sensitive scale
after they are mixed, could reduce this potential for error. Al-
ternately, the use of a clinical refractometer has recently been
described as an effective method of verifying the mixture of
drug compounds. These techniques could be used to test final
mixtures of almost any liquid compounded medication, from
anesthetics to antibiotics. As a final consideration, the use of
volumetric pipettes could provide a much higher degree of
accuracy and precision for the compounding process than that
of syringes and needles.

Chapter 797 of the USP discusses several such quality con-
trol methods in depth, along with additional guidelines for
the preparation and storage of compounded sterile products.
Although this chapter is written with a clear emphasis toward
the compounding of medications for human use, much of its
guidance is also relevant to the practice of veterinary pharmacol-
ogy. In fact, 2 national associations that represent the practice
of veterinary pharmacy, the American Veterinary Medical As-
sociation and the Society of Veterinary Hospital Pharmacists,
both reference USP standards in their position statements and
standards of practice.l?® This recently developed chapter (first
published in the USP in 2004) is an excellent source of guidance
and advice concerning the use of compounded medications in
research animals.

In summary, ketamine, acepromazine, and xylazine appear to
be very stable when mixed together in solution and protected
from light and excessive temperatures. The results of this study
support the safety, stability, and efficacy of extemporaneously
compounded KAX over a period of 270 d; however, as with
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any substance, the potential for contamination or exposure to
environmental extremes increases with the length of storage.
With this caveat in mind, we recommend a conservative 180-d
beyond-use dating period for this drug compound.
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